A common feature shared by type I DNA topoisomerases is the presence of a "serine, lysine, X, X, tyrosine" motif as conventional enzyme active site. Preliminary data have shown that Leishmania donovani DNA topoisomerase I gene (LdTOP1A) lacked this conserved motif, giving rise to different theories about the reconstitution of an active DNA topoisomerase I in this parasite. We, herein, describe the molecular cloning of a new DNA topoisomerase I gene from L. donovani (LdTOP1B) containing the highly conserved "serine, lysine, X, X, tyrosine" motif. DNA topoisomerase I activity was detected only when both genes (LdTOP1A and LdTOP1B) were co-expressed in a yeast expression system, suggesting the existence of a dimeric DNA topoisomerase I in leishmania parasites.
INTRODUCTION
DNA topoisomerases are ubiquitous enzymes that catalyze changes in DNA topology by altering the linkage of DNA strands, solving topological problems caused by cellular processes such as DNA replication, transcription or recombination (1, 2) . These enzymes are classified on the basis of the number of DNA strands that they cleave, and the covalent bond formed in the enzyme-DNA intermediate. Unlike type II DNA topoisomerases, type I enzymes are ATP-independent which transiently break a single strand of DNA. Type I DNA topoisomerases are classified into two subfamilies: type IA and type IB. The enzymes of type IA subfamily, including bacterial DNA topoisomerase I and III, eukaryotic DNA topoisomerase III, and reverse gyrase (3) (4) , form a tyrosyl linkage with a 5´-phosphate group of one of the DNA strands generated due to the enzyme action (2) , whereas the enzymes of type IB subfamily, including eukaryotic and vaccinia virus DNA topoisomerases I (5) and DNA topoisomerase V, establish the tyrosyl bond with the 3´-phosphate group (2) . Type 1A topoisomerases relax only negatively supercoiled-DNA with Mg 2+ requirement, whereas type IB topoisomerases relax both, negatively and positively supercoiled-DNA even in the absence of a metallic cofactor, although Mg 2+ and Ca 2+ stimulate the relaxation activity (6) (7) .
Type IB DNA topoisomerases are monomeric enzymes, constituted by four domains (8) (9) . The nonconserved amino-terminal domain contains putative signals for nuclear localization of the enzyme. The largest domain, the core, is essential for enzyme activity and shows high phylogenetic conservation, particularly in the residues closely interacting with DNA. The third domain is known as the linker, which is poorly conserved and highly variable in length and is not essential for the enzyme activity.
Finally, the carboxy-terminal domain is highly conserved and crucial for the catalytic A type I DNA topoisomerase has been purified and characterized from L. donovani promastigotes, the causative agent for visceral leishmaniasis (10) . YCpGAL1-hTOP-URA described previously (17) was used for expression of human topoisomerase I. pUC18-rDNA, used in the nuclear run on assay, was kindly provided by Dr. Requena (Centro de Biología Molecular, Severo Ochoa UAM, Madrid).
pGEM3Z-LdTOP1A and pGEM3Z-LdTOP1B were constructed by insertion of and S. cerevisiae (769 aa) enzymes. The conserved core domain is present, whereas the carboxy-terminal domain, which contains the active site, is absent, in this gene (Fig.1) .
RESULTS

Sequence analysis and genomic organization-
The presence of a tyrosine residue has been described at the enzyme catalytic site of all DNA topoisomerases I characterized so far, except in leishmania. In order to search for a new gene encoding a DNA topoisomerase I active site, PCR was performed using specific oligonucleotides, whose sequence was based on Leishmania Genome
Sequencing Project (AL389894) (which operates with L. major Friendlin strain) (25) .
The sense primer sequence was 5´-CGTGAAAGGCAAGTCTGAGG-3´ and the antisense primer was 5´-AGGCGGCATGTGAATTAAAG-3´. Genomic DNA from L.
donovani LSB-51.1 (MHOM/SD/00/Khartoum) was used as a template. A single 826
bp-PCR product was obtained, cloned and sequenced, revealing a 95% identity with the L. major sequence (LdTOP1B GenBank accession number AY062908). This fragment contained the highly conserved "SKXXY" motif with the tyrosine as the active site residue, and the sequence alignment analysis displayed ≈ 50% homology with the carboxy-terminal domain of other eukaryotic DNA topoisomerases I (Fig 1) .
To determine the LdTOP1A gene copy number, Southern blot studies were performed as described in the Materials and Methods using the 264-bp PCR as a probe. A single band was obtained (Fig 2A) revealing that it is a single copy gene confirming the earlier results (12). The same experiment was performed for the second gene (LdTOP1B), 12 using the 826-bp PCR fragment described above. Figure 2B showed a single hybridizing band, thus suggesting that this gene is also present as a single copy in the gene was located on a chromosomal band of 1.6-1.9 Mb (Fig. 2C ).
Transcription analysis-Northern Blot analysis was conducted to explore the possibility that the two genes may undergo post-transcriptional processing, which may lead to sharing of a common mRNA. A single hybridizing band of ~2.3 kb was observed with the LdTOP1B gene probe, which differs from the ~3.6 kb mRNA band observed for LdTOP1A gene (see Fig. 3A ). In order to test whether these two mRNAs are transcribed at a similar rate, nuclear run-on experiments were conducted using nuclei isolated from logarithmic phase promastigotes. The rate of transcription of each gene was determined relative to the rate of rDNA transcription. Genes whose relative rates of transcription were measured include the LdTOP1A, LdTOP1B and rDNA genes, pGEM-3Zf(+) and pUC-18 plasmids (3 µg of double-stranded, linearized and denatured plasmids). Results of figure 3B show the transcription of LdTOP1A and LdTOP1B genes relative to the rDNA transcription. The results of three independent experiments are shown in Table I . The hybridization signal to the rDNA gene was arbitrary chosen as LdTOP1A and LdTOP1B genes were co-expressed together (Fig. 4A ) in a pESC-URA vector which contains the GAL1 and GAL10 yeast promoters in opposing orientation.
Co-expression of the two genes cloned in this vector guarantees protein-protein interactions after induction in the yeast host strain. Nevertheless, when LdTOP1A ( catalyzed the plasmid relaxation activity in vitro (Fig 4D) . by guest on October 30, 2017
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